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Description 



INTERNAL COMBUSTION ENGINE FOR OPERATION 
WITH TWO DIFFERENT KNOCK RESISTANT FUELS 



The invention is concerned with an internal combustion engine for opera- 
tion with at least two different knock resistant fuels of different knock re- 
sistances and having at least one cylinder in which the combustion of fuel 
takes place cyclically and a metering system for the supply of a controlled 
quantity of fuel to the cylinder in each cycle. An internal combustion en- 
gine of this type in accordance with the invention may be fed for example 
either with natural gas or gasoline as a fuel. 

So-called multi fuel engines are known that can operate with different 
types of fuel and are based on the Otto principle. In this kind of an engine 
an air-fuel mixture is compressed before an externally initiated ignition. 
The compression can also result in spontaneous ignition before the exter- 
nally initiated ignition, which is something that is not desirable. In gen- 
eral, different fuels exhibit different knock resistances, i.e. their mix ture 
with air can be compressed by different amounts before resulting in spon- 
taneous ignition. In order to use the fuel ideally, it is preferable that the 
fuel be compressed as much as possible before the externally initiated ig- 
nition. The geometric compression of an engine is, however, an unalter- 
able parameter that is usually determined by its design. This kind of an 
engine can thus only be ideally designed and set for one fuel with a spe- 
cific knock resistance. Operating this engine with another fuel possessing 
lower knock resistance could result in knocking whereby the engine will 
sustain damage. 
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The object of the invention is to design an internal combustion engine that 
can be operated with two fuels with different knock resistances and 
thereby achieve a high degree of efficiency during operation with more 
knock resistant fuel as well as effectively avoiding knocking during opera- 
tion with the fuel that is less knock resistant. 

The object is satisfied by an internal combustion engine with the features 
of claim 1. 

An internal combustion engine of this kind in accordance with the inven- 
tion can be optimised in a manner know per se, in particular through its 
geometric compression ratio, for operation with the fuel considered to be 
more knock resistant. Knocking during operation with a fuel that is less 
knock resistant can be avoided in that the metering system is set to feed a 
smaller quantity of air-fuel mixture when using a fuel that is less knock 
resistant than when using a fuel that is more knock resistant, which cor- 
responds to a reduction of the effective compression ratio for the fuel that 
is less knock resistant. The pressure of this smaller quantity in the cylin- 
der is less than if a larger quantity of the more knock resistant mixture is 
supplied, so that critical state variables that could lead to spontaneous 
combustion of the fuel are not achieved even at the top dead centre 
of the cylinder. 

One only expediently provides a reduction of the quantity of the less knock 
resistant mixture if this is actually required to suppress knocking, par- 
ticularly in the high speed range of the engine. On the other hand, the 
quantities of the mixture supplied can be the same for both fuels in the 
case of low speeds. 
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The control of the supplied fuel quantities can be expediently realised in 
that the metering system has at least two metering instructions at its dis- 
posal and in each case selects the instruction used to meter the air-fuel 
mixture with respect to the fuel supplied. 

The metering instruction preferably specifies the maximum quantity of 
air-fuel mixture to be supplied as a speed function of the speed of rotation 
of the combustion engine. 

The internal combustion engine expediently has a valve arrangement with 
a plurality of change-over positions in each of which one of a plurality of 
inlets of the valve arrangement, which can each be respectively connected 
to a tank for different fuels, is connected to a supply line of the engine, 
whereby the metering instruction used by the metering system is linked to 
the change-over position of the valve arrangement. In the case of switching 
over from one knock resistant fuel to a less knock resistant fuel, this en- 
ables timely adaptation of the mixture quantities fed to the cylinder at the 
start of combustion of the less knock resistant fuel and thereby effectively 
protects the angina. 

This kind of valve arrangement can be executed e.g. by a routing valve 
that optionally links one of the tanks with the supply line of the motor or 
by two blocking elements that are respectively located between one of the 
tanks and the supply line. The first alternative can be used particularly in 
the case of fuels that can be injected into the supply line through a com- 
mon injector, i.e. particularly for two liquid fuels. The second alternative 
permits the use of two different injectors for the different fuels and is 
therefore preferred if fuels with different physical states are used. 
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In order to meter the mixture quantities supplied, the metering system 
expediently utilizes a restrictor with controllable cross section in the sup- 
ply line. The restrictor is preferably located at a point in the supply line 
that is upstream from the injector or injectors, i.e. at a location where the 
supply line only supplies air. The quantity of air supplied can be reduced 
by reducing the cross section when using a fuel that is less knock resis- 
tant. The metering system regulates the quantity of fuel fed to the injector 
in accordance with this quantity of air so that a desired air-fuel ratio is 
maintained during combustion. 

The restrictor is preferably a butterfly valve. Whereas its flow cross section 
is normally determined only by the control signal, that is e.g. created with 
the help of an accelerator pedal, the position of the butterfly valve in ac- 
cordance with the invention depends not only on the control signal but 
also on the type of fuel used. 

It is particularly preferred for the metering system to have a pre- 
compressor or charger in the supply line whose secondary pressure can be 
set lower when using the less knock resistant fuel than when using the 
more knock resistant fuel. This is preferably also located upstream from 
the injector or injectors in the supply line so that it only acts on the fresh 
air supplied to the motor and the quantity of fuel fed in at the injector is 
in each case regulated by the metering system in such a manner that the 
desired air-fuel ratio is maintained during combustion. 

It is preferred that the internal combustion engine be designed for opera- 
tion with a liquid fuel, particularly gasoline and with a gaseous fuel, par- 
ticularly natural gas. The term "gaseous" does not, thereby, necessarily 
refer to the physical state in which the fuel is present in the vehicle's tank 
but to its physical state when mixed with air before combustion. 
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The valve arrangement in the case of this kind of an engine is preferably- 
formed by a first stop valve that is located between the tank for the gase- 
ous fuel and the fuel supply line of the engine and a pump disposed be- 
tween the tank for the liquid fuel and the fuel supply line, which develops 
a blocking effect when in the switched off state and thus acts as a second 
stop valve. 

It is of advantage for the combustion engine to have a compression ratio of 
at least 11.5 but preferably of approximately 12.5 to 13. This compression 
ratio is higher than the ratio of approximately 10.5 which is typical for a 
gasoline driven engine but well matched to the high knock resistance of 
natural gas. 

The object of the invention is also satisfied by a process that has the char- 
acteristics of claim 14. 

If another fuel is chosen as being the most knock resistant, it is preferred 
that the quantity of the mixture supplied be smaller than the maximum 
mixture quantities that can be fed to the engine in order to avoid the mix- 
ture achieving state variables in the cylinder at which there is a danger of 
knocking. 

It is advantageous that the process for combustion of gasoline in an en- 
gine be initiated with a compression ratio of at least 11.5 and preferably 
approximately 12.5 to 13. 

An exemplary embodiment for an internal combustion engine in accor- 
dance with the invention will be described in greater detail below. There 
are shown: 
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Figure 1 a schematic illustration of a vehicle with an internal com- 

bustion engine in accordance with the invention, 

Figure 2 engine characteristics of the combustion engine in accor- 
dance with the invention when driven by natural gas and 

Figure 3 engine characteristics of the combustion engine in accor- 

dance with the invention when driven by gasoline. 

An example of an Otto engine for an internal combustion engine in accor- 
dance with the invention is described with reference to Fig. 1 that can be 
operated with both natural gas as well as with gasoline. The spark ignition 
engine in accordance with the invention has an engine block 1 1 that typi- 
cally has four or six cylinders that are designed and constructed for opera- 
tion principally with natural gas as fuel. Since the knock resistances of 
natural gas correspond to those of a fuel with up to RON 130 while normal 
gasoline has a value of RON 95, the spark ignition engine in accordance 
with the invention is executed with a compression of approximately 13:1 
compared to a standard compression of 10.5:1 in a normal, gasoline- 
driven spark ignition engine. This greater compression is enabled by the 
higher knock resistance of natural gas when compared to gasoline and 
results in a higher degree of thermal efficiency in the spark ignition engine 
in accordance with the invention, which is around 5 to 7% more than the 
degree of thermal efficiency in a gasoline driven, normal spark ignition en- 
gine. 

The engine block 1 1 is incorporated in a vehicle that has two fuel tanks 
12, 13, a main tank 12 for natural gas and an auxiliary tank 13 for gaso- 
line. The auxiliary tank 13 for gasoline is necessary since the number of 
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gasoline filling stations at which natural gas can be tanked is still very- 
small and it could be necessary to drive the vehicle temporarily with gaso- 
line in order to be able to reach the next available natural gas fuelling sta- 
tion when the main tank 12 is empty. 

The spark ignition engine in accordance with the invention is therefore 
driven with gasoline instead of with natural gas when in reserve operation. 
However, in the case of a high compression of approximately 13:1 for 
which the spark ignition engines in accordance with the invention are de- 
signed, gasoline would combust with knocking and result in damage to 
the engine if the engine were to be supplied with the same maximum 
quantity of air-fuel mixture in the case of gasoline operation, as is suitable 
for operation with natural gas at the same engine speed. In order to pre- 
vent this, a metering system 14 of the spark ignition engine in accordance 
with the invention - that normally serves to supply natural gas to the en- 
gine block 1 1 from the tank 12 and, when the latter is empty, fuel from 
tank 13 - is designed to take account of this. The type of fuel supplied is 
taken into consideration when metering the mixture quantity fed to the 
engine in each combustion cycle. 

The metering system 14 comprises a valve arrangement, a butterfly valve 
16 and an electronic control circuit 17. The valve arrangement serves to 
permit entry of only one fuel at a time to a supply line 23 of the engine. It 
includes a stop valve 15 and a gasoline pump 20 that connect the main 
tank 12 and the auxiliary tank 13 to respective injectors 21 and 22 that 
are delegated to the supply line 23 of the engine. The butterfly valve 16 is 
also located in the supply line, upstream from the injectors 21, 22. The 
fuel pump 20 is of a type such that it blocks the line in which it is located 
when it is not in operation e.g. a piston pump. It is therefore, impossible 
for gasoline to enter the supply line 23 at the same time that the engine is 
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being operated with natural gas or for a natural gas-air mixture to reach 
the auxiliary tank. 

The electronic control circuit 17 receives, via the first signal input, a signal 
for desired performance that is, for example, dependent on the position of 
the accelerator pedal IS, via a second signal input, a signal from a speed 
sensor 19 located at a shaft of the engine 1 1 and, via a third signal input, 
a signal that indicates which engine fuel supply is currently in operation, 
i.e. whether the stop valve 15 is open or the fuel pump 20 is switched on. 
Depending on which engine fuel supply is in operation, the control circuit 
17 uses one of two pre- determined metering instructions that are stored in 
an electronic memory of the control circuit, in order to regulate the posi- 
tion of the butterfly valve 16 and therewith the quantity of air-fuel mixture 
supplied to each cylinder. These metering instructions determine the 
quantity of mixture supplied in dependence on the performance required 
from the engine and/ or on the position of the accelerator pedal 18 that is 
representative of this. At least the metering instructions used for the fuel 
that is less knock resistant further contains an upper limit for the quan- 
tity of mixture supplied that is not to be exceeded in order to avoid knock- 
ing in the engine 1 1, independent of the performance required at any one 
time. This upper limit is determined in dependence on the speed of the 
engine registered by the sensor 19. This upper limit can be determined in 
that the mechanical load is varied for a plurality of speeds in an engine 
prototype and the upper limit of mixture quantities supplied without re- 
sulting in knocking is tested. It has been found, particularly in the case of 
high speeds, that it is necessary to limit the maximum mixture quantity 
supplied for less knock resistant mixtures to a value that is less than that 
of the maximum quantity of the more knock resistant mixture supplied at 
the same speed, while the maximum quantities supplied at lower speeds 
could also possibly be set to be the same. 
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This kind of speed-dependent upper limit of mixture quantities supplied 
can naturally also be provided for knock resistant fuel, particularly in spe- 
cific ranges of the speed of rotation. 

The regulation of the mixture quantity that is controlled below this upper 
limit, in dependence on the engine load or on the performance demanded 
from it can in principle, take place in the customary manner whereby 
however, the dependence of the mixture quantity supplied on the perform- 
ance required at a given speed of rotation could be different for both fuels. 

A compressor or a charger can also be located in the supply line 23 in the 
place of the butterfly valve 16, which injects fresh air under adjustable 
high pressure into the supply line. In this case the effective compression 
of the air-fuel mixture in the cylinder comprises the compression by the 
charger and the geometric compression in the cylinder. Analogously, as 
described above for the butterfly valve, by operating the charger with dif- 
ferent compression depending on the fuel used, the quantity of mixture 
supplied to the cylinder when using the less knock resistant fuel can be 
reduced. 

In Figure 2 different engine characteristics for the spark ignition engine in 
accordance with the invention are displayed that have been determined on 
an engine test stand during which the spark ignition engine was driven by 
natural gas. All characteristics are plotted in dependence on the engine 
speed that is entered along the X axis in revolutions per minute. Charac- 
teristic 1 shows the engine performance found. This begins at 10 kW with 
an engine speed of 1000 rpm and increases to 70 kW at an engine speed 
of just over 6000 rpm. The build-up thereby takes place increasing mono- 
tonically with a slight kink at around 4000 rpm and 60 kW. 
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Characteristic 2 represents the torque M generated by the engine. It starts 
at approximately 98 Nm at 1000 rpm and increases to just over approxi- 
mately 137 Nm at 4000 rpm to in order to fall again at beyond 4000 rpm. 

Figure 3 displays corresponding characteristics for the same engine when 
driven by gasoline as the fuel. At first glance the characteristics in Figure 
3 appear to be less uniform when compared to those in Figure 2. Thus, for 
example, the characteristic 4 for engine power P in the range of 1000 rpm 
up to 4000 rpm increases strictly monotonically from 10 kW to approxi- 
mately 47 kW and exhibits alternatively falling and increasing trends at 
speeds of more than 4000 rpm. The characteristic 4 achieves its maxi- 
mum at just over 5000 rpm with 52 kW in the speed range illustrated. 
This maximum lies clearly below the maximum of 70 kW of characteristic 
1. 

The characteristic 5 behaves in a similar manner for the torque M of the 
engine. This increases strictly in the range from 1000 rpm up to 4000 rpm 
from 75 Nm to 113 Nm. However, it falls more steeply at over 4000 rpm 
when compared to characteristic 2, then increases slightly between 4500 
rpm and 5500 rpm and subsequently falls abruptly. 

A direct comparison of the performance characteristics 1 and 4 shows that 
performance achieved with gasoline as the fuel for speeds N up to 
4000 rpm is slightly less than that achieved with natural gas. The differ- 
ence between characteristics 1 and 4 increases with increasing speed N. 
The difference in curves 1 and 4 becomes markedly noticeable for speeds 
N above 4000 rpm i.e. markedly reduced performances are achieved with 
gasoline operation of the engine at these speeds. 
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The reduced engine performance P and the smaller torque M of the engine 
are, however, generally secondary and acceptable since operation of the 
engine with gasoline takes place only in reserve operation or in emergency 
operation. The restriction of the mixture quantity that results in lowered 
performance reliably reduces knocking as well as damage during opera- 
tion with a less knock resistant fuel. 
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Legend. 
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